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Forgiveness is the answer to the child’s dream of a miracle by which what is 
broken is made whole again, what is soiled is made clean again. 
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ABSTRACT 
The aim of the present thesis was to compare two different prediction methods 
in orthognathic treatment of dentofacial deformities and severe malocclusions. 
The comparison was made between a two-dimensional (2D) and a three-
dimensional (3D) computerized prediction system in 62 healthy subjects with 
Angle class III occlusion aged between 18-30 years and from different 
perspectives. Measurements were performed prior to surgery and at 12-month 
follow-up on cephalometry, health related quality of life (HRQoL), time 
consumption, economic cost and effective radiation dose. The thesis is based 
on four articles, which all were conducted as prospective double-blinded two-
armed parallel-group randomized controlled trials with a 1:1 allocation ratio. 
Cephalometric accuracy showed as expected a statistically significant 
difference between planned and obtained positions for all measurements 
(p<0.001) and revealed a level comparable to other similar studies for both 
techniques. The 3D technique showed a comparable higher accuracy in the 
anterior maxilla (p<0.05). Both techniques showed poor accuracy in the 
anterior mandible. Independent on planning technique, 2D or 3D, analysis of 
HRQoL demonstrated an improvement after treatment of dentofacial 
deformities and malocclusions with orthognathic surgery. No statistically 
significant difference was found between the groups (p>0.21). An initial 
difference between the groups in HRQoL was observed. Accounting for that, 
a statistically significant difference was found for one parameter in the 
questionnaire (p=0.028). Comparing the cost-effectiveness for the two 
planning techniques showed no difference in time consumption between the 
techniques (p>0.30). The 2D technique showed an overall lower economic cost 
(p<0.001). A larger effective radiation dose related to the 3D planning 
technique was found (p<0.001). The present thesis reveals only minor 
differences between the studied techniques. Because the 3D technique has an 
 advantage for the group of patients with asymmetry it would be the technique 
recommended for any case in the clinical setting. 
Keywords: Orthognathic surgery, Dentofacial deformity, Three-dimensional, 
Two-dimensional, Computer-aided surgical simulation, Virtual surgical 
planning, Prediction, Cephalometry, Randomized controlled trial, Blinded 
case-controlled cohort study 
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SAMMANFATTNING PÅ SVENSKA 
Frågeställning/hypotes  
Syftet var att undersöka om valet av planeringsteknik inför kirurgisk 
behandling av grava bettfel påverkar behandlingsresultat, livskvalitet 
och planeringskostnad. Hypotesen var att en modernare tredimensionell 
teknik (3D) ger ett bättre behandlingsresultat jämfört med en 
tvådimensionell teknik (2D). 
Bakgrund  
Behandling av grava bettfel involverar oftast både tandreglering och 
kirurgisk förflyttning av käkarna. Behandlingen tar ca 2 år och 
behandlingsresultatet är beroende av en noggrann planering innan 
behandlingsstart. 
Material  
Studien omfattade 2 x 31 (62) patienter med gravt underbett som 
behandlades med kirurgisk förflyttning av käkarna. 
Metoder  
Prospektiv, randomiserad, två-armad, blindad fall-kontrollstudie. 
Patienterna fördelades enligt följande: 
a) Testgrupp: 3D preoperativ planeringsteknik.  
b) Kontrollgrupp: 2D preoperativ planeringsteknik. 
Jämförelseanalys mellan status före och efter behandling utfördes med 
mätningar i röntgenbilder, av patientupplevd livskvalité, av tid, kostnad 
och stråldos. 
Resultat  
57 patienter av 62 inkluderade fullföljde studien. Bortfallet var pga 
uteblivande vid uppföljning. Ur profilperspektiv noterades en god 
överensstämmelse mellan planerad behandling och slutresultat för båda 
planeringsteknikerna. Mätning av livskvalitet visade en klar förbättring 
efter behandling för båda grupperna, men till en något högre grad i 
testgruppen. Testgruppen visade högre ekonomisk kostnad och högre 
stråldos. Den totala tidsåtgången var likvärdig. 
Slutsatser  
Studien visade ett likvärdigt och gott resultat för de båda 
planeringsteknikerna avseende överenstämmelse mellan planerad 
behandling och slutresultat samt patientnöjdhet. Dock har 3D tekniken 
ett övertag när det gäller patienter med asymmetriska avvikelser. 
Jämförelse av ekonomi och stråldos visade högre värden för 3D 
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CBCT Cone Beam Computed Tomography 
CT Computed Tomography 
HRQoL Health Related Quality of Life 
JFLS Jaw Functional Limitation Scale 
OES-S Oral Esthetic Scale (Swedish version) 
OHIP-S Oral Health Impact Profile (Swedish version) 
OHRQoL Oral Health Related Quality of Life 
OMFS Oral and Maxillofacial Surgery 
OPT Orthopantomography 
PC Personal Computer 
Pxl Pixel (the smallest unit in a digital picture) 





DEFINITIONS IN SHORT 
Bimaxillary surgery  Surgical correction of both jaws 
Cephalometry Measurements in a radiographic image of 
the facial bones 
Field of view The area which is covered by a picture 
Genioplasty Surgical technique to move the frontal tip of 
the mandible 
Le Fort I Osteotomy Surgical technique to move the upper jaw  
Malocclusion  Bite problems 
Mandible  Lower jaw 
Maxilla  Upper jaw 
Orthodontic  Therapeutic nonsurgical movements of the 
teeth 
Orthognathic A way to describe the position of the jaws in 
the visceral skeleton 
Postnormal occlusion  Over bite 
Prediction Method to simulate a postsurgical treatment 
outcome 
Prenormal occlusion Undershot 
Sagittal Split Osteotomy  Surgical technique to move the lower jaw 
forwards or backwards 
Service center Global specialist support center for 
computerized surgical planning and 
fabrication of customized surgical guides 
(for example wafers) 
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Tomography  Three-dimensional radiographic technique 
Vertical ramus osteotomy Surgical technique to move the lower jaw 
backwards 






Today there is an increasing demand on facial ideals and esthetics which gives 
us the challenge to succeed our efforts when trying to fulfill the patient’s 
wishes. The role of preoperative prediction in orthognathic surgery could 
therefore not be overestimated. Some colleagues say that more than half of the 
surgical treatment is done in the planning phase. Two-dimensional (2D) 
cephalometric treatment planning does not include features such as planning 
possibilities for asymmetrical deformities and prediction of soft tissue changes 
in the frontal aspect. Often has a clinical feeling for such changes developed 
together with an increasing experience of the surgeon. Hence, decisions are 
depending on subjective judgments. However, in an early surgical career there 
is a need for more technical support in decision making on facial soft tissue 
changes. 
Orthognathic treatment is common in maxillofacial centers. Units with a 
relative low number of patients each year have a need for logical and easy 
equipment for treatment planning. However, it takes more time to gather 
experience in a small unit with relatively low number of patients. Thus, there 
is a need for more technical support in decision making in treatment planning. 
This is facilitated by an equipment easy to handle, fairly inexpensive and 
building on commonly used methods such as 2D radiographs, dental casts and 
2D photographs.  
In prediction of orthognathic treatment, it is important to gather all information 
before making the final decision. These are clinical records, dental casts, 
radiographs, photographs, subjective and objective treatment needs and patient 
expectations. There is a pedagogical advantage to gather as much as possible 
of this information in one kind of record-type such as a computer program. The 
newest software allows gathering of radiographs, photographs, head position 
and dental casts before treatment planning1-4. This reduces the risk of losing 
precision in prediction of dental function, dental esthetics and the facial 
appearance. In other words, if prediction is performed in all different 
recordings separately, the risk of adding several planning errors increases. 
Gathering of several different recordings prior to prediction, also increases the 
possibility to compensate for the lack of precision in the single one of them. 
One example of this is that a dental cast model could compensate for the lack 
of precision in reproducing the dental occlusion in a CT. Another example is 
that a CT could show the relations between hard and soft tissue better than a 
photograph could do.  
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Patient satisfaction is one important perspective of this project. This is also one 
subject of priority in the DUET´s database on knowledge gaps (National 
Health Services database on uncertainties about the effects of treatment, former 
NHS DUET now https://www.evidence.nhs.uk). Even if there is a lack of 
scientific studies on patient’s self-perceived outcome, there is also a lack of 
controlled and randomized prospective studies on modern surgical 
orthognathic treatment planning. 
The implementation of this type of knowledge will positively affect the patient 
experience of treatment results through more secured and validated treatment 
planning methods. 
 
1.1 Survey of the field 
Severe malocclusions have since the beginning of 20th century been managed 
with both orthodontic and surgical methods5. In the early years, most cases 
were treated with only surgical or only orthodontic methods, but since the 
beginning of the 1970´s there have been an increasing collaboration between 
these two specialties. Today, the method of choice is often a combined 
treatment. 
Hullihen performed the first known surgical treatment of a malocclusion in 
18496. In the early years, the surgical treatment was focused on mandibular 
corrections. In the early 1960´s the sagittal split osteotomy was introduced7. 
Osteotomy in the maxilla was already described in 1927 by Wassmund 8, but 
was not completely included into the treatment arsenal of orthognathic surgery 
until the early 1970’s9. 
Treatment planning of severe malocclusion has since the 1920´s involved 
profile radiograph10. In the early years it was only used for rough diagnostics. 
Cephalometric measurements were introduced later and were at that time used 
only at research institutions and universities with access to the cephalometric 
equipment11. In the early 1950´s when Margolis introduced his head holder12, 
the profile radiograph became a common tool in treatment planning. Since then 
the treatment planning has been dealing with both the relations between the 
maxilla and mandible, and the relations between the jaws and the visceral 
skeleton and the scull base13. In the 1960´s the awareness of the relation 
between the jaws and the horizontal plane was introduced. It was by that time 
discovered that the positioning of the patient’s head was an important factor. 
The expression natural head position was invented14-16.  
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In most maxillofacial centers, treatment prediction is usually based upon 
clinical examination, 2D radiographs, photographs and dental casts. Some 
centers use computer based software for cephalometric measurements and 
treatment prediction. These computer programs were introduced already in the 
late 1960´s17,18 but became commercially available first in the 1980´s and were 
widely spread in the 1990´s. Some of them are mainly used as diagnostic tools, 
but more advanced programs are suitable as treatment prediction assistance19.  
Computed tomography (CT) became a widely spread radiographic method in 
the later part of the 20th century, and is today accessible from any maxillofacial 
center. Together with the development of the CT technique the development 
and the usage of computerized methods to study the radiographic images with 
different computer software’s has increased20. At the same time, three-
dimensional (3D) computerized predictions of orthognathic treatments have 
become possible21,22. However, the idea that every dentofacial diagnosis should 
be based on three dimensions is not new. It was already stated by Simon in 
192323. Until a few years ago, the 3D computer programs have been mostly 
accessible in research settings. Some software companies and service centers 
have released programs to the market for a fairly reasonable prize. Examples 
of that are Simplant® PRO 12.00 OMS (Materialise corp., Leuven, Belgium. 
www.materialise.com) and Dolphin 3D® (Dolphin Imaging, California, US. 
www.dolphinimaging.com). 
The absence of scientific evaluation of 3D techniques for planning and treating 
severe malocclusion with orthognathic surgery is apparent. It is partly caused 
by a rapid digital, technical and electronical evolution during the last decades. 
The reports available are mainly descriptions of innovations of new digital 
techniques, and are not evaluating the effects on treatment20-22. There have 
been reports on older methods of prediction and accuracy19, and the results are 
satisfying from an objective point of view but are not involving the patients’ 
perspective. 
In the Swedish database of Statens beredning för medicinsk utvärdering (SBU 
http://www.sbu.se/sv/kunskapsluckor-sok) of anticipated gaps of scientific 
knowledge, there is one example from the area of malocclusion in which this 
research project will lead closer to understanding (“Ortodonti som en del i en 
multidisciplinär betthabilitering vid kraniofaciala syndrom och/eller defekter 
med för individen kvarvarande bett- och tandpositionsavvikelser hos vuxna”). 
In National Health Services (NHS former DUET, now 
https://www.evidence.nhs.uk) database on uncertainties about the effects of 
treatment there are a few examples of topics demanding for further research 
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(“The impact of malocclusion/orthodontic treatment need on the quality of 
life”, “Stability after bilateral sagittal split osteotomy advancement surgery 
with rigid internal fixation”), and in this area, it is judged to be a gap in 
knowledge. 
 
1.2 Dentofacial deformities 
Deformities of the face are divided into facial deformities and dentofacial 
deformities. The dentofacial deformities are far more common than the facial 
deformities. The facial deformities consist of malformations of the jaws 
affecting the occlusion, and severe effects are visible in the upper face and 
midface, i.e. in patients with different facial syndromes like Crouzon, Apert 
and Treacher Collins. They represent only 0.001% of the population. 
Dentofacial deformities, likewise affecting both the function and the 
appearance, are 50-100 times more common as these rare syndromes of facial 
deformity. Another deformity associated with a severe malocclusion is Cleft-
Lip-Plate, which is represented in 0,2% of the population. 
The dentofacial deformities include both the dentition and the jaws. 
Epidemiological surveys reveal that about 5 % of the western population has 
dentofacial disproportions of a magnitude that affect both function and facial 
aesthetics. 
There are degrees of the magnitude of deformity, and classifications of 
different deviations from an “ideal” appearance. Angle5 made a classification 
in the beginning of the 20th century. He classified the occlusion into mild 
discrepancies (I), postnormal occlusion (II) and prenormal occlusion (III)5. 
Several attempts to make classifications of jaw discrepancies have followed24, 
and many of these relate to different cephalometric analyses. Today there are 
different means to describe the positioning of the jaws; intermaxillary like open 
basal occlusion or in relation to the scull base like mandibular retrognatism, 
maxillary prognatism etc. 
There are also means to describe the soft tissue or facial appearance, like long 
face, dish face etc. 
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1.3 Diagnostics and treatment planning 
Several modern cephalometric and prediction systems are developed and used 
as a combination of diagnostic tools and treatment planning facilities. It is 
necessary to bear in mind that the diagnostic tool should be used to assist but 
not to decide the treatment. This is a mistake that could lead into a historic and 
outdated way of treatment planning where the movements of teeth and facial 
skeleton aims only for a normalization of cephalometric measurements. 
However, this does not imply that cephalometric measurements are outdated 
as a descriptive tool for malposition of facial structures, but should together 
with other examinations, like clinical measurements photographs, patient 
wishes and prediction, act in a concerted way of deciding the treatment. Based 
on this, the description of 2D and 3D techniques are divided into separate 
subheadings, describing cephalometry and prediction separately. 
 
1.3.1 Cephalometry 
Cephalometric measurements are performed in a radiographic image of the 
facial bones. It is usually performed in 2D lateral, 2D frontal or 3D 
radiographic images. 
 
1.3.1.1 Two-dimensional cephalometry 
The development of the cephalometric methods has mainly been concerned 
with reliability of different measurement methods, both for diagnostics and 
prediction. Cephalometric markers (Figure 1) of both hard and soft tissue 
landmarks are used and analyzed according to their relations in distance, angles 
and planes25,26. Systematic evaluations and combinations of the measurements 
have been performed. Several authors have made their names in textbooks. The 
Downs analysis, Steiner analysis, Sassouni analysis, Harvold analysis, 
McNamara analysis and Ricketts analysis are examples. Cephalometric 
measurements have since the 1930´s been performed on analogue profile 
radiographs11. Already in 1960´s cephalometry was digitalized17,18. Computer 
programs for digitalized cephalometry became commercially available for 
clinicians in late 1980’s. Several software programs were independently 
developed, like Dolphin Imaging®, Facad®, Dentofacial Planner®, Nemoceph®, 
Quick Ceph® and Vistadent®27,28. Some of them are still in the market and 
evolving with improved function, human-machine interface and visualization.  
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Salzmann29 stated that cephalometric measurements can: 
• show dimensional relationship of the craniofacial components. 
• reveal manifestations of growth and developmental abnormalities. 
• aid in treatment planning. 
• help to analyze changes obtained. 
• assist in evaluating the effectiveness of different orthodontic 
treatment procedures. 
• show dentofacial growth changes after treatment is completed. 
 
There have also been attempts to evaluate radiographs from a frontal aspect 
with cephalometric markers, like the Ricketts or the Grummons frontal 
cephalometric analysis30,31. However, even if a combination of a frontal and a 
lateral should add one dimension to the records, it still does not give a full 






Figure 1. Cephalometric markers placed in a profile radiograph using the 
cephalometric software Facad®. Anatomic landmarks of the hard and soft tissues 
are used (precision measurement 2D cephalometry). Reference markers are 
placed on the frontal head-supporting bar. 
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1.3.1.2 Three-dimensional cephalometry 
Like cephalometry in 2D, the 3D cephalometry is based on placement and 
measurements of markers and their relations. The development of 3D 
cephalometry started simultaneously with the introduction of 3D imaging in 
orthodontics and orthognathic surgery32. Initially, the same markers as in 2D 
cephalometry were used. This might lead to confusion because the 
measurement in 2D and 3D differ. For example, SNA in 2D cephalometry is 
different from SNA in 3D cephalometry. Figure 2 and 3 show an example of 
how angles are differently interpreted in 2D and in 3D. The same is true for 
distances. To make this simple, the cephalometric value for a distance, as well 
as for an angle in the same patient is always larger in 3D than in 2D 
cephalometry. E.g. when the distance between Condylion and Incisor Superior 
is measured in 2D, it is smaller than in 3D cephalometry. However, the clinical 
relevance for this is debated33. With time, 3D specific cephalometric markers, 
and subsequently 3D specific cephalometric analysis has been introduced34. 
However, a cephalometric reference system, with a range of normal values, 
and with its variations due to ethnical background, like what is present for 2D 
cephalometry, endured. Due to the present differences between 2D and 3D 
cephalometry, the process of thorough validation of such cephalometric 
systems have to be initiated from the beginning of their introduction4. This is 
also true for precision measurements in 3D cephalometry. These processes are 
comparable with the processes needed upon digitalization of 2D cephalometry 
in the 1980’s. 
Recently, studies on 3D cephalometry have also included measurements of 
areas and volumes35. It is also highlighted how 3D imaging can facilitate a 
better accuracy in clinical recordings36. A special interest has been drawn to 
the study of the facial midline, mainly because the challenge to measuring it 
correctly in the clinical setting combined with its fundamental importance to 









Figure 2. Schematic illustrations how angles between anatomic lines, e.g. SNA, in 
cephalometry could be differently imagined in 2D and 3D.  
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Figure 3. Schematic illustrations how an angle between anatomic lines, e.g. SNA, 
in cephalometry could be differently imagined in a 2D and a 3D exposure. When 
the angle is marked in a 2D summary image, e.g. profile radiograph, it becomes 
smaller than in a 3D volume if the anatomic structures, e.g Sella Turgica, Nasion 




Prediction of, or to foresee, a therapeutic outcome, is highly valued in 
treatment planning. 
1.3.2.1 2D prediction 
The term 2D prediction originates from analogue radiographic and 
photographic images. The prediction consists of measurements in the lateral 
cephalogram with the use of cephalometric hard and soft tissue profile 
markers. It is sometimes also based on measurements and movements in the 
profile photographic image. However, this type of traditional prediction 
method is not only based on 2D recordings, but also includes a clinical 
examination and analysis of dental casts. 
Several software programs for cephalometric analysis and prediction have 
been developed, like Dolphin Imaging®, Facad®, Dentofacial Planner®, 
Nemoceph®, Quick Ceph® and Vistadent®27,28. Some of them are still on the 
market and developing. A development area of great interest has been the 
simulation of soft tissue changes upon movements of hard tissue components. 
Different models of calculation and transference techniques have been tested. 
Elaborations of connections between hard and soft tissue compartments have 
included linear- and surface based techniques. Evaluation of accuracy of 
simulations have included different levels of proportional soft tissue reactions 
based on a sizeable database of multiple patient recordings of facial 
simulations29. 
1.3.2.2 3D prediction 
Simple 3D prediction methods are not at all new. A patient with a post-normal 
intermaxillary relation can be asked to protrude the mandible to an ideal dental 
position and the effect on the soft tissue can be assessed. Even if this method 
is quite reliable, it has some limitations. The patient cannot pre-operatively 
simulate all movements possible to perform with a surgical procedure. 
Furthermore, it is not possible to register movements of the bone segments 
with this kind of prediction. Today, the CT technique, computer software and 
the scanned dental casts help the surgeon to see the changes in three 
dimensions, both in hard and soft tissues. 
Digitalized 3D prediction became available with the invention of the PC and 
the CT in the 1980’s. However, the commercialized software programs for 3D 
analyses and prediction in orthognathic surgery were not introduced until in 
the beginning of this century. There are several reasons for this. Firstly, the 
data material and the visualization effects of these programs required a 
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computer capacity that was, at this time, larger than was possible for most 
clinical units to invest in. Secondly, for ordinary orthognathic surgery patients, 
the 2D system was already satisfying, in clinical use and there were no clinical 
studies available showing 3D systems with equal or higher quality.  
Early attempts and case reports were presented in the mid 2010’s. These were 
often performed on complex cases where traditionally 2D prediction had 
shortcomings. Examples of such diagnoses were craniofacial syndromes, 
complex pan facial fractures or reconstructive surgical planning1,20,22,38-40. 
From these studies, including only few subjects, the 3D techniques began to 
spread into consecutive cases of orthognathic surgery41-43. However, due to 
large differences in radiation exposure, the 2D technique still was preferred. 
Recently, the increased quality of a 3D imaging technique with lower radiation 
exposure, the CBCT, has become interesting. However, due to its’ qualities in 
hard tissue imaging and relatively high imaging contrast, its capability in soft 
tissue imaging and field of view has been questioned44-46. It fulfills the 
requirements as a tool for hard tissue movements and template fabrication. 
However, the prediction accuracy and its’ ability as a tool for facial imaging in 
orthognathic surgery planning, still needs to be clinically evaluated44,47. 
The descriptions of the purpose of virtual planning are often divergent. Focus 
sometimes is on facial prediction as a result of skeletal and dental 
movements41,42. In other studies, the main goal is on planning of surgical 
movements and template fabrication48-50. When different prospective studies 
on virtual surgical planning are compared, it is important to distinguish 
between different purposes. A difference in purpose often means a difference 
in point of enrollment and allocation in the study. For example, when 
comparing prediction between methods, the subjects must be included and 
allocated before decision on the surgical treatment. Likewise, on comparison 
of the accuracy of virtual surgical movements and template accuracy, the 
subjects should be included and allocated after decision of the treatment, but 
prior to surgery. Consequently, the design of a study determines the outcome 
of it. 
Comparative studies of different prediction techniques in orthognathic surgery 
are rare. Attempt with meta-analysis has been made51. However, the recorded 
available studies are divergent and thus difficult to compare. 
1.3.2.3 Predictability 
Treatment planning systems, that through prediction guidance, facilitate 
planning of a treatment, are usable only if the outcome is fairly in accordance 
with the prediction. No system is exactly correct, and will never be. i.e. there 
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will always be a measurable discrepancy between prediction and outcome. 
Evaluation of the prediction method is performed on comparison with the final 
treatment outcome and expressed as accuracy.  
Predictability is the ability of the planning systems to perform conformity 
between prediction and outcome. The concept of predictability in orthognathic 
treatment planning is not a new issue. From the introduction of cephalometric 
measurements there have been numerous reports on this topic10-17,19,52. To 
secure a high standard in their clinical use, all new planning systems need to 
be evaluated according to their predictability.  
1.3.2.4 Usability of prediction 
Several purposes are seen among users of treatment planning systems. The 
purposes range from the early learning phase, when the young clinician from 
elaborating in images and drawings experiences the outcome from treatment 
decisions, to the experienced clinician’s usage in prediction, index 
manufacturing and treatment evaluation. However, independent of what 
experience the user has, it is important to remember the limitations of each 
system, and that the system is just a tool, dictated by the user’s decisions. Any 
planning system that becomes a supervisor for the clinician, will develop into 
a hazard for the patients. 
1.4 Evaluation and predictability 
Evaluation of outcome of orthognathic treatment could be performed from 
several perspectives. Historically, there are examples of evaluation from a 
patient, a doctor, a layperson and a parents’ perspective. Examples of 
evaluation techniques have been radiographic measurements, photographic 
measurements, anthropometry, measurements of QoL, time measurements, 
economic measurements, measurements of radiation dose etc. 
Predictability, is the ability of the planning systems to perform conformity 
between prediction and outcome. It is important to evaluate the quality of the 
prediction before trusting in it. Similar to the evaluation of treatment outcome, 
the analyze of predictability can be performed in several ways. Among the 
most commonly used are cephalometric measurements, but photographic 
judgements and anthropometric measurements are other examples.  
To measure conformity between prediction and outcome on comparison, at 
least two measurements of the same variable (e.g. SNA), before and after 
treatment are needed. Measurements before and after treatment within the 
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same cohort (i.e. the studied subjects are their own reference instead of having 
the group as the reference), increase the reliability and are preferred52.  
 
1.4.1 Cephalometry 
Cephalometric evaluation of predictability contains at least two occasions of 
placement of cephalometric markers, pre- and postoperatively. Several studies 
use a second occasion directly after surgery38,53,54. The reason for this, is to 
avoid having relapse of the surgical movement as a confounding factor. 
However, if the prediction aims to simulate the final result, the second occasion 
of measurement should be performed after finalizing the treatment, 
postoperative orthodontics included. 
Cephalometric markers should represent the region that should be measured. 
There are several sets of markers available. They perform a suggested set of 
measurements. Examples of these are McNamara, Ricketts, Bergen, Arnett, 
Downs, Steiner, Tweed etc. The evaluator can choose one of these sets or build 
a customized set of markers and measurements to suite the purpose of the 
evaluation. 
Measurements of cephalometric markers relation to each other are possible in 
several ways. Examples are distances between markers, distances between 
lines, distances between a marker and a line and angles. Evaluation of 
predictability is based on superimposition. i.e. two sets of cephalometric 
measurements are related to each other and compared. To enable such 
comparison, there is a need for a reference system (Figure 10). A reference in 
superimposition should consist of an anatomic or an external structure that was 
unaffected during the orthodontic or surgical movements, are easy to localize, 
and visible in all included images. Cephalometric markers or lines in the 
cranial base are often used in 2D measurements, while intact anatomic 
structures, such as bone surfaces, could preferably be used in 3D. 
 
1.4.1.1 Accuracy 
Accuracy is the degree of conformity between prediction and outcome, i.e. 
how close in relation to the outcome was the prediction (Figure 7 and 9)? As 
mentioned above this comparison is based on two occasions of marker 





Cephalometric precision is the ability to place a marker in the same anatomic 
point in the same image on repeated occasions. How exact is the person who 
places the cephalometric markers able to place them in the same position 
again? Or, if the measurements are based on several individuals performing 
the measurements – How much do they differ in placing the markers (Figure 8 
and 10)? On evaluation of accuracy, it is important to also account for the 
variance between individuals, inter-individual variance, and between different 
occasions performed by the same individual, intra-individual variance.  
If the error of precision exceeds the one of accuracy within the same 
cephalometric measurement, the level of accuracy is unknown due to imprecise 
measurements. To trust in a finding of accuracy, the error of precision must be 
smaller. 
 
1.4.2 Health related quality of life 
Indications for treatment of severe malocclusions with a combination of 
orthodontic and surgical approach is both functional and esthetical. A 
successful treatment outcome is satisfying from both a professional and a 
patient perspective55. 
The patient’s wish for treatment is often based upon a combination of 
malfunction and a need for better facial and dental appearance56,57. There is 
also a general knowledge that the patient’s HRQoL is depending on appearance 
and self-esteem. An attractive face presumably contributes to a more 
successful life and also contributes to the person’s self-esteem58.  
There are examples of these attitudes commonly accepted in our civilizations. 
Fashion industry, entertainment and film industry as well as political interests 













Figure 4. Illustration from a Swedish newspaper “Expressen” from an article on 
preparations to the Olympic summer games in Beijing 2008. The medal dispenser 
women were picked from the population in accordance to several criteria on their 
appearance: E.g. “Equal distance between forehead - base of nose, base of nose - 
tip of nose and tip of nose – chin”. “The width of the eyes equal to 3/10 of the 
height of the face”. “Distance between the eye-brows equal to 10% of the height 
of the face”. “The width of the mouth equal to inter-pupillary distance” etc. 
 
Demand for facial esthetics has increased during the last decades. A recent 
report59, showed that there is a self-perceived need for orthodontic treatment 
among 22% in young adults. These patient demands are challenging and the 
significance of preoperative prediction should therefore not be underestimated. 
Several recent studies have reported on an increase of HRQoL after treatment 
of dentofacial deformities60-63. Modern social media have also been a part of 
the change in importance of facial appearance64.  
A correction of a malocclusion should always be made in order to achieve the 
best possible facial esthetics65. Even if limitations in accuracy still are present, 
the use of digital prediction techniques are recommendable to improve facial 
esthetics. To assess the limitations, the evaluation of a prediction technique 
should include all decision-making steps in all the sequences of the treatment, 
which means both major treatment decisions, such as surgery on one or both 
jaws, and also definite planning of distances and angulations in orthodontic 
and surgical movements. This also means that the accuracy of a planning 
technique should be measured as a result from clinical outcome after 
finalization of all, both orthodontic and surgical, treatment sequences.  
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Measurements of the patients self-perceived HRQoL have frequently been 
performed by Patient Reported Outcome Measures (PROM). These are often 
conducted by validated questionnaires, of which many are constructed towards 
a specific situation, functionality and disease66-71.  
Some of these HRQoL questionnaires are linked and validated to certain 
analyze, such as EuroQoL (EQ-5D)72, which gain the opportunity to study the 
changes from other perspectives. However, such measurements are often based 
upon general health reports and does not focus on the local anatomic region. 
Measuring HRQoL changes in a specific region claims more detailed 
questionnaires on the region of interest73. 
Questionnaires for outcome measurements in orthognathic surgery could be 
found in Oral Health Related Quality of Life (OHRQoL). Examples of such 
questionnaires are Oral Health Impact Profile 49 – Swedish version (OHIP-
S)66,71, Jaw Functional Limitation Scale (JFLS)74 and Orofacial Esthetic Scale 
– Swedish version (OES-S)68,69. To cover all wanted aspects of the 
measurement it is also possible to combine questionnaires. 
To measure the precision of the questionnaire, e.g. intra-individual variation, a 
test-retest (reliability test) of the questionnaires69,71 with a time span between 
the moments of measures, shows the reliability of the questionnaire. 
In accordance with praxis for psychometric measurements75 and with another 
sample registration on orofacial esthetics, a limit for participation of 75% of 
the questions to be answered is suggested70. 
 
1.4.3 Radiation dose 
Evaluating the usability of a new radiographic imaging method in orthognathic 
surgery treatment planning must include measurement of radiation dose. It is 
well known that ionizing radiation can have a negative effect on living tissues. 
Quantification and measurements of tissue reactions on ionizing radiation is 
called dosimetry.  
The human body receives radiation from the environment throughout its whole 
life, i.e. background radiation. The dose received due to health care purposes 
is often expressed in terms of the background radiation. Examples of that is 
seen in Table 1. Given radiation, measured in Gray (Gy), in health care 
diagnostics and treatment is measured differently than received dose. The latter 
is a quantity, calculated based on tissue sensitivity, and measured in Sievert 
(Sv). 
The radiation dose delivered to the tissue of interest is often referred to as the 
effective radiation dose (risk for tissue reaction, e.g. cancer risk), and is 
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calculated in a way specific to different body organs. It is calculated from the 
Dose Length Product (DLP). DLP represents the whole volume of radiation 
exposure, and is measured in mGy times radiated length (in cm). Examples on 
such calculations is shown in Table 2.  
 
Table 1. Effective radiation doses of various craniofacial imaging 
acquisition systems (Swennen76). Annual natural background radiation in 




Table 2. Dose calculations for orthognathic treatment planning MDCT 
(CT scan) and CBCT protocols (Stratis77). 
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Commonly used in dosimetry are also Computed Tomography Dose Index 
(CTDI), measured in mGy. It reflects the absorbed dose in a phantom model 
and its usability in clinical settings is thereby limited.  
Examination specific values for different radiographic settings for effective 
dose and DLP have been calculated using “Monte Carlo” simulations. Separate 
simulations are needed for different tissue maturity and for newly developed 
radiographic techniques78. 
 
1.4.4 Cost-Effectiveness analyzes 
On comparing investment and outcome in a clinical setting it is common to use 
a cost-benefit analysis (CBA), a cost-effectiveness analysis (CEA) or a cost-
utility analysis (CUA).  
A CBA is used to quantify, in monetary terms, the costs of a project and 
comparing them with the benefits. CEA considers the outputs produced by a 
project, which are not measured in monetary terms (lives saved, quality of life 
gained, illness prevented) and is frequently used in health-care analysis. CUA 
involves looking at whether an action should be undertaken. It looks at the cost 
of the action compared to the increase in utility. In health economics this is 
particular with regard to whether someone should be treated or not79  
Even if there is an overlap between the analyses, the measurements and the 
statistical analysis differ depending on which type of analysis that was 
proposed.  
In orthognathic treatment it is interesting to compare costs with outcome. In 
the present project, when comparing two different planning techniques, a CEA 
is used and the differences in cost are weighted against the differences in 
cephalometric accuracy and HRQoL. 
A common measurement used in CEA and in CUA is quality adjusted life years 
(QALY). To enable a comparison on QALY there has to be a validated 
instrument to translate the measurements from. This is for example present for 
a generic health state measure, EuroQol (EQ-5D)72. However, when decided 
to use a measure that, better than EQ-5D, represent the local facial/oral status, 
OHIP, this opportunity up to now disappears. The lack of a validated material 
to transform OHIP data into QALY, results in a CEA comparing economical 




The overall aim for this thesis was to evaluate if a 3D prediction computer 
software contributes to treatment planning in orthognathic surgery and to 
compare it with the traditional 2D method. The hypothesis was that the use of 
three dimensions in predicting orthognathic surgery is superior to two 
dimensions with regards of predictability, treatment outcome and 
effectiveness. The comparison has been performed from several aspects. 
2.1 Specific aims 
• To compare the accuracy of a 2D with a 3D prediction 
produced by the computer-assisted simulation system for 
orthognathic surgery for the correction of class III facial 
deformities by single jaw and/or bimaxillary surgery.  
 
• To measure the accuracy for each method, 2D and 3D, in 
preoperative treatment planning compared with 12-month 
follow-up. 
 
• To compare pre-surgical with postsurgical patient satisfaction 
(HRQoL) when surgery is predicted and planned by the 2D 
method and the 3D method, and to compare the HRQoL results 
between the methods. 
 
• To compare any difference in the patient’s self-perceived 
(HRQoL) outcome, with the results from cephalometric 
measurements of accuracy in the present cohort. 
 
• To compare the economic costs, time consumption and the 
radiation dose between 2D and 3D planning techniques in 
orthognathic treatment. 
 
• To assess the costs and benefits from cephalometric accuracy and 
PROMS of computer aided 2D surgical prediction and planning 
and compare it with the costs and benefits of a 3D method. 
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3 SUBJECTS AND METHODS 
3.1 Subjects 
Sixty-two consecutive patients aged between 18 to 30 years from Department 
of Oral and Maxillofacial Surgery, The University Hospital of Skåne, Lund, 
Sweden with diagnosed Angle class III occlusion were included in the project. 
The degree of malocclusion deviated at a minimum of 5 mm in sagittal and/or 
vertical aspects from normal occlusion measured as inter-incisal distance. 
Patients with severe systemic disease, drug abuse, poor psychic status or 
disease in the temporomandibular joint were excluded. 
The patients were referred to the center with request of a combined orthodontic 
and surgical treatment and were included after completion of pre-surgical 
orthodontic treatment and prior to surgical treatment. In all subjects, the 
treatment was planned with both 2D and 3D computer assisted prediction. All 




The subjects were, following treatment planning with both a 2D and a 3D 
technique, and prior to surgery, randomly divided into test and control group. 
The control group, was treated according to the 2D prediction and the test 
group, was treated according to the 3D prediction. A flow chart diagram is 
shown in Figure 5.  
 
Randomization  
Prior to surgical treatment, the subjects were randomly allocated to test or 
control group. Every subject was randomly permuted after treatment planning 
with both techniques. No changes to the two treatment options (2D and 3D) 
were made after randomization. Allocation concealment was achieved with an 
envelope containing 31 allocation cards numbered 2D and 31 allocation cards 
numbered 3D. The card was blindly withdrawn from the envelope and after 





Figure 5. Flow chart of subject flow during the trial. 
 
Blinding 
The treatment planning was performed with both methods before 
randomization. Blinding was performed to the subjects, the analyzing 
researcher and the surgeons.  
At clinical examination and planning, blinding was performed to surgeons, 
analyzing researcher and subjects. At follow-ups blinding was performed to 
the subjects. 
 
Sample size calculation 
The study was designed for approximately 60 subjects. This decision was 
based on previous publications from other centres38,41,49,53,54,80,81. No sample 
size calculation (power) was made. 
 
Inclusion 
Treatment planning with both 
techniques 
Randomization to 2D or 3D 
Treatment according to 2D 
planning (control) 
Treatment according to 3D 
planning (test) 
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3.2 Methods 
All studies included in this thesis were conducted as prospective, parallel 
group, randomized two-arm parallel double-blinded active-controlled clinical 
trials with a 1:1 allocation ratio. No changes to the design were performed after 
commencement.  
At the first visit to the Maxillofacial Unit, after completed pre-surgical 
orthodontics, the patients were asked to participate in the study. If the patients 
accepted to participate they were, following treatment planning with both 2D 
and 3D technique, and prior to surgery, randomly divided into test and control 
group (Figure 6). 
All subjects were examined clinically, 2D radiography, 3D radiography, 2D 
photographic technique, and dental casts.  
The 2D radiographic examination was performed using orthopantomography 
(OPT), a profile and a frontal projection. The 3D examination was performed 
using CT scan. The 2D software used was Facad® (Ilexis AB, Linköping, 
Sweden. www.ilexis.se) and the 3D software used was Simplant® PRO 12.02 
OMS (Materialise corp., Leuven, Belgium. www.materialise.com). 
All radiographic examinations were performed at the Department of 
Radiology, Skåne University Hospital, Lund, Sweden. Subjects were, prior to 
surgery and at 12-month follow-up, examined with a OPT, a profile, a frontal 
projection and a CT.  
The profile and posterior-anterior projections were obtained in a cephalostat 
with a focus-film distance of 165 cm, a linear magnification of 9,3 % and with 
70 kV. The settings could vary 10% depending on the size of the patient from 
the following: 
Time of exposure:    
 Profile projection:  53 ms  
Posterior–Anterior projection: 84 ms  
Milliampere-second:     
 Profile projection:  16 mAs 





Figure 6. Flow chart of method flow during the trial. 
 
Inclusion. Clinical examination. 
Radiographic examination, 
cephalometry and treatment 
planning with both techniques. 
HRQoL questionnaire. 





Analysis of cephalometric 
accuracy, precision, HRQoL 
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planning. 
Drop-out analysis Drop-out analysis 
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radiographic 
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planning setup. 
Measurement of 
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The subjects were examined with CT with the settings: 
Voltage    120 kV 
Image matrix    512 x 512 pxl 
Slice thickness    0.800 mm 
Slice increment    0.399 mm 
Pixel size     0.352 mm 
Scanning distance    
Median 196 mm  
Range 162-236 mm 
Computed tomography dose index (CTDI)  
Median 11.3 mGy 
Range 3.6-16 mGy 
The field of view was from the top of the forehead till the middle of the neck. 
The profile radiograph and the profile photograph were converted into a 
Facad® file. The CT information and the frontal photograph was converted into 
a SimPlant® file. The patient’s data (radiographs and photographs) were linked 
together in the computer software programs and analyzed according to the 
cephalometric methods mentioned below. A surgical simulation was 
performed and a prediction photograph generated.  
The computer used was a Hewlett-Packard® Elite Book 8730W with an Intel® 
Core™ 2 Extreme processor: 
CPU x9100 
3.06 GHz 
2.96 GB RAM 
Grafic card: Nvida® Quadro® FX 3700M (dedicated graphic memory of 1024 
MB). 
OS: Microsoft® Windows® XP, 32-bit 
DirectX® 9.00  
 
Both groups were treated according to the pre-surgical treatment plan. The 
surgical treatment included preoperative laboratory work (wafer), examination 
of anesthesiologist, surgery, hospitalization for 1 or 2 days and clinical follow-
up. The surgical options involved Le Fort I maxillary osteotomy, segmented 
Le Fort I maxillary osteotomy, bilateral sagittal split mandibular osteotomy, 
vertical ramus mandibular osteotomy and genioplasty. The last follow up was 
performed 12 months after surgery. 
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3.2.1 Cephalometric measurements 
To assess the accuracy of the 3D prediction, produced by the computer-assisted 
simulation system for orthognathic surgery, Simplant® PRO 12.02 OMS 
(Materialise corp., Leuven, Belgium. www.materialise.com), measurements in 
radiographs from surgical planning and follow-up were performed. To relate 
the level of accuracy for the 3D method, a comparison with 2D computerized 
prediction was performed. The 2D system used was Facad® (Ilexis AB, 
Linköping, Sweden. www.ilexis.se). Follow-up cephalograms and CT-
reconstructions were superimposed on the prediction radiographs.  
 
Article I 
On the patients with surgery according to the 2D prediction (control group), 
the follow-up was superimposed on the 2D prediction and its accuracy 
compared with follow-up superimposed on the 3D prediction. 
 
Article II 
Based on the result from article I, the subjects randomized for surgical 
treatment according to the 3D prediction (test group) were added. The accuracy 
of the prediction was measured within each group and subsequently compared 
with each other. 
In the test group, the accuracy was assessed by comparing the results of 3D 
predictions related to the final treatment outcome at the 12-month follow-up. 
In the control group, accuracy was assessed by comparison of 2D predictions 
with the final treatment outcome at 12-month follow-up. Surgical and dental 
movements obtained from the follow-up profile radiographs and CT 
reconstructions were superimposed on the prediction radiographs and the 
prediction CT reconstructions respectively. Cephalometric markers, precision 
test (tracing error) and cephalometric analysis were used. Measurements were 
performed of the distance and angles between cephalometric markers in 2D 
and 3D radiographs. A difference significantly separated from zero indicated 
insufficient accuracy of the prediction. The difference was recorded for each 
measurement within each prediction technique. The mean values were 
compared between the test and control groups. A statistically significant 
difference between the two planning techniques indicated higher accuracy in 
one of the techniques on a specific cephalometric measurement. 
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2D 
Twelve cephalometric markers were placed in the profile radiographs before 
and one year after surgery. The markers chosen for measurements were Sella 
(S), Nasion (N), A-point, B-point, Pogonion (pg), Gnathion (gn), Anterior 
gonion (go ant), Condylion (Co), Upper incisal incision (Is), Lower incisal 
incision (Ii), Upper incisal apex (Aps) and Lower incisal apex (Api) (Table 3). 
Cephalometric analysis included angular measurements of SNA, SNB, 
NSL/ML, 11/NSL and 31/ML in the profile radiographs obtained for 
prediction and at twelve months after surgery (Figure 7). Differences were 


































Table 3. Landmark/line/plane/angle definitions. Abbreviations: NSL, 
Sella-nasion line; ML, mandibular plane; 11, upper incisor; 31, lower 
incisor. 
Name Definition
Sella (S) Central point of sella turcica
Nasion (N) Most anterior point of frontonasal suture in 
midsagittal plane
Point A Innermost point on contour of premaxilla between 
anterior nasal spine and incisor tooth
Point B Innermost point on contour of mandible between 
incisor tooth and bony chin
Pogonion (Pg) Most anterior point of hard tissue chin
Gnathion (Gn) Most anterior and inferior point of hard tissue 
menton
Anterior gonion (Go 
ant) 
Most anterior and inferior point of the mandibular 
angle
Condylion (Co) Most lateral point on the surface of the mandibular 
head
Incisor superior (Is) Most anterior point of upper incisor
Incisor inferior (Ii) Most anterior point of lower incisor
Apicale superior 
(Aps) 
Most superior point of upper incisor 
Apicale inferior 
(Api) 
Most inferior point of lower incisor 
SNA Angle connecting points S, N, and A
SNB Angle connecting points S, N, and B
NSL/ML Angle formed by NSL and ML planes
11/NSL Angle formed by 11 long axis and NSL plane 
31/ML Angle formed by 31 long axis and ML plane 
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Figure 7. Measurements of accuracy in control group. Superimposition of 2D 
prediction and 12-month follow-up. Radiograph is from 12-month follow-up. 
Markers from prediction are shown in yellow; markers from 12-month follow-up 




The measurements in the 3D recordings were performed with the same markers 
as in 2D except for Gonion anterior and Articulare, which was separated into 
left and right, making the number of markers to be fourteen. Markers were 
placed in the 3D volume. The two CT scan volumes, the predicted and the 
twelve months follow up, were superimposed to detect the difference between 





Figure 8. Precision measurement 3D. GoL - left gonion, Aps - upper incisal apex, 
Api - lower incisal apex, Is - upper incisal incision, Ii - lower incisal incision, A - 
a-point, B - b-point, Pog - pogonion. “2” after abbreviation indicates second 
measurement. Bengtsson et al83. 
 




Figure 9. Schematic view of superimposition of 3D for measurements of accuracy 
in test group. Superimposition of 3D prediction and 12-month follow-up. 
Bengtsson et al82. 
A difference significantly separated from zero indicated insufficient accuracy 
of the prediction. The difference detected was compared between the two 
prediction methods. The corresponding limit of the mean tracing error of the 
precision measurement is shown in Table 6. When the difference was 
significantly different between the two planning techniques it meant that the 
accuracy was superior for one technique on that specific cephalometric 
measurement. 
Precision 
The precision of the identification of landmarks was tested by double 
determinations, separated by at least 10 days, by the same observer. The 
cephalometric markers were S, N, A, B, Pg, Gn, Go ant, Is, Ii, Aps and Api 
(Figure 1). In the 3D recordings Gonion anterior was separated into left and 
right. The double determinations were performed in ten of the patients included 
in the study. A coordinate system was constructed in the 2D software program. 
A line between two markers, 30mm apart, in a forehead supporting bar was 
used as y-axis. A line perpendicular to that through the lowest marker was used 
as x-axis. The differences were recorded (Figure 10). The tracing error was 





where Se is the method error, d is the difference between double measurements 
and n is the number of profile radiographs traced. Based on the double 
determination of markers mentioned above tracing error was also calculated in 
the cephalometric analysis including angular measurements of SNA, SNB, 





Figure 10. Precision measurement 2D cephalometry. Ref 1 and Ref 2 - reference 
points, Co - condylion, Go ant - anterior gonion, n - nasion, s - sella turcica, Aps - 
upper incisal apex, Api - lower incisal apex, Is - upper incisal incision, Ii - lower 
incisal incision, A - a- point, B - b-point, pg - pogonion, gn - gnathion. Bengtsson 
et al83. 
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2D compared with 3D 
Due to the difficulties in comparisons of 2D cephalometric measurements with 
3D cephalometric measurements mentioned above (Chapter 1.3.1.2.), the 
comparison was made based on distances between markers instead of changes 
in the coordinates of the markers. A distance includes all present dimensions 
in a measurable environment, i.e. two dimensions in 2D and three dimensions 
in 3D. If instead changes in a coordinate system are used, it includes two 
recordings (x and y) in 2D and three recordings (x, y, and z) in 3D. Distance 
measurements of accuracy within each group were obtained before comparison 
between the groups. Consequently, it was possible to compare the accuracy 
between the studied groups with the same type of measurement – the distance. 
3.2.2 Quality of life 
The aim of this study was to compare the pre-surgical and post-surgical patient 
satisfaction on the facial appearance, the oral function and the psychosocial 
function in the test group and the control group. Measurements of self-
perceived psychometric factors (HRQoL) and body image by questionnaires 
were performed.  
All subjects were asked to fill in three different questionnaires combined as 
one set, including both general, regional, esthetical and functional aspects of 
HRQoL (Appendix). The questionnaires were sent to the subjects prior to 
clinical examination and delivered in person to the surgeon. The answers were 
obtained before surgery and in a repeated set, at follow-up, 12 months after 
surgery. The questionnaires used were Oral Health Impact Profile 49 – 
Swedish version (OHIP-S)66,71, Jaw Functional Limitation Scale (JFLS)74 and 
Orofacial Esthetic Scale – Swedish version (OES-S)68,69. Three questionnaires 
leaving in total 77 questions (OHIP-S: 49, JFLS: 20, OES-S: 8). Two 
additional questions on general health were added to the questionnaire, which 
in total included 79 questions. 
OHIP-S, JFLS and OES-S questionnaires were combined into one set in the 
order mentioned. The order was decided with the questionnaire on general 
health first and with the local anatomical questions last. In accordance with 
praxis for psychometric measurements75 and with another sample registration 
on orofacial esthetics, a limit for participation of 75% of the questions to be 
answered was set70. Some questions were not applicable to all subjects. For 
example, regarding dentures, which was not present for any of the subjects. 
These questions were calculated using median imputation. 
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The two questions on general health were presented separately (Gen Health 1 
and Gen Health 2). One question on the subjects rating of their general 
appearance in OES was extracted and also presented separately (Gen App). 
The questions in the OHIP-S questionnaire were categorized into Oral function 
(F), Oro-facial Appearance (A), Oro-facial Pain (P) and Psychosocial Impact 
(PI). OHIP-S was analysed both with a total score and a domains score based 
on the categories mentioned. 
The JFLS and the OES questionnaires were analysed with total scores.  
The questions were unweighted, i.e. each question was equally contributing to 
the total score. 
For the variables presented in the tables, a decreasing value in the OHIP, Gen 
Health 1, Gen Health 2 and JFLS questionnaires indicated increasing HRQoL, 
while a decreasing value in the OES and Gen App indicated decreasing 
HRQoL. Thus, comparing pre- and postoperative measurements this 
sometimes led to negative values (Table 10). 
Reliability 
To test the reliability of the method, a test and retest of the questionnaires, with 
a time span of at least two weeks, in 23 randomly chosen subjects69,71 was 
performed. 
Validation 
The validity, that the test measure what we want to enlighten, of a method is 
important and must be tested prior to a broad use of the test. In the present 
project the focus on validity of the HRQoL method is represented by previous 
validated HRQoL measurements67-71,74 in the anatomical area of interest. 
 
3.2.3 Cost-Benefit 
The time spent on pre-surgical examination and treatment planning and follow-
up 12 months after surgery was measured. Measurements were performed of 
the sequences that were estimated to differ between 2D and 3D technique. 
These were radiographic examination and preparation/setting of the planning 
software. All other sequences involved, such as clinical examination, 
photographic examination, dental impressions, face-bow transference, 
treatment decisions, fabrication of surgical templates and surgery, were 
assumed identical between the techniques. The measurements were recorded 
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with a minutes and seconds scale and commenced at the start of the 
radiographic examination and at the start of the set-up process in either 
prediction software. Endpoint for time measures was when the radiographic 
examination stopped and when the set-up sequence in the prediction software 
was finished. 
Since all subjects were planned with both 2D and 3D technique before 
randomization, time measurements were possible in all subjects for both 2D 
and 3D techniques. However, due to expected initial learning curve, time 
measurements were not performed on the first 30 subjects.  
Except for the comparison of time consumption, the techniques were also 
compared regarding economic cost and radiation dose. The fixed economic 
costs included radiographic examination and software license. All other costs 
included during the treatment were estimated equal for the two planning 
techniques. 
The tariff in Swedish currency ($) for radiographic examinations was at the 
time for examination obtained from the Department of Radiology, Skåne 
University Hospital, Lund, Sweden. 
Information about economic cost for the software license were obtained from 
the manufacturers (Ilexis AB, Linköping, Sweden. www.ilexis.se and 
Materialise corp., Leuven, Belgium. www.materialise.com). 
Time consumption in the planning phase was transformed into economic costs 
by taking mean salary for a Swedish Oral- and Maxillofacial Surgeon 2014 and 
specifying it to $/minute. 
Economic comparison between the techniques was performed by comparison 
of fixed economic costs for radiographic examination, software and calculated 
costs for time consumption during the surgical planning. 
For all included subjects, effective radiation dose (mSv) from CT examination 
was calculated from Dose-Length Product (DLP) with a factor 0.0019 
mSv/mGycm 18. A mean value of pre-surgical and 12 months follow up 
examination was calculated for each subject. From these values (n=57), a 
mean, median, standard deviation and range were presented for the 3D 
radiographic technique, and its relation to other comparable radiographic 
techniques of the facial skeleton was shown. For 2D radiographic techniques 
data were fixed and were obtained from the Department of Radiology, Skåne 
University Hospital, Lund, Sweden. 
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To compare the methods regarding cost-effectiveness, the outcome in time 
consumption and economical costs was weighted against differences in 
preoperative and follow up for cephalometric accuracy and HRQoL 
measurements. This was performed using calculations of cost per change of 
one point in the Oral Health Impact Profile (OHIP) outcome according to 
Hulme et al73. 
 
3.2.4 Statistical methods and analysis 
 
Analysis of cephalometric measurements 
For each cephalometric measurement, mean values and confidence intervals 
were calculated. A non-parametric statistical method, Fisher’s test for pair 
comparisons, was used when testing tracing errors between the first and second 
measurements for the 10 patients with double determinations (Article I and II). 
The same test was used when the accuracy within each group (control and test) 
was compared. The Fisher’s permutation test was used for comparison of 
accuracy between the test and control group. Significant was set at p<0.05. 
Two-sided p-values were used. 
 
Analysis of HRQoL 
Comparison of the differences in HRQoL (Article III) between the groups 
according preoperative measurements and changes between pre- and 
postoperative measurements was made with Fisher’s permutation test. 
Due to observed initial differences in HRQoL between the groups, a 
comparison was made with multivariable linear regression model when 
comparing groups with respect to changes between pre- and postoperative 
measurements. This was performed in order to test if initial differences 
between the groups could affect the comparison between the methods. Then 
the change between pre- and postoperative measurement was the dependent 
variable and the treatment group and the variable with observed initial 
difference were independent variables.  
The reliability test, performed as a test-retest, was analyzed with the intraclass 
correlation coefficient (ICC). To test the changes of test-retest, Fisher’s test for 
pair comparisons was used. Pearson’s correlation coefficient was calculated 
between test and retest.  
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Analysis of cost-effectiveness 
Mean values and standard deviations were calculated. Fisher´s test for pair 
comparisons, was used when testing differences in time consumption between 
the 2D and 3D technique (Article IV). The limit for significant difference was 
set to p<0.05. Two-sided p-values were used. 
A difference in OHIP was found, although not significant (p=0.65). On 
estimation of this difference in OHIP, calculations on differences in cost and 
time consumption per gained OHIP-point were performed. 
 
3.2.5 Ethical considerations 
 
To compare 2D and 3D planning techniques, it was necessary to examine the 
patients with additional radiography, meaning an increased radiation dose. All 
patients were informed about the increased exposure and that participation in 
the study was voluntary. Informed written consent was obtained from all 
subjects included. The research protocol was evaluated and approved by the 














Table 4. Summary of statistical methods. 
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All articles in this thesis, were conducted on the same cohort and with the same 
randomization into test and controls. The project was designed to include 30 
subjects in each group. Article I included only the controls and recruited all of 
the included participants (n=30). In article II the whole cohort (n=62) was 
planned to be included. After drop-outs, it constituted of 29 (17 men and 12 
women) in the control group and 28 (13 men and 15 women) in the test group. 
Article III was partly built on results from the cephalometry, and article IV 
partly on results from cephalometry and HRQoL measurements. Thereby, the 
number of participants in the latter articles was dependent on participants in 
the earlier articles. Demographic data are shown in Table 5. 
 
 






Control (2D) Test (3D) 
n Men Women Age 
(mean)
n Men Women Age 
(mean) 
I 30 21,1 30 17 13 21,1
II 57 20,8 29 17 12 21,1 28 13 15 20,5 
I+II 
precision 
10 21,0 6 3 3 22,0 4 3 1 19,5 
III 55 20,8 28 16 12 21,1 27 13 14 20,5 
III 
reliability 
23 21,0 14 8 6 20,6 9 3 6 21,8 









Figure 11. CONSORT flow chart of subject flow during the HRQoL (Article III). 
Numbers of subjects within parenthesis. 
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128 patients were asked for participation. Out of these, 62 initial subjects 
between 18 and 28 years at surgery accepted participation. 57 completed 12-
month clinical and radiological follow-up. Drop-out comprised of 2 in the 
control group and 3 in the test group. 
At follow-up, the test group included 13 males and 15 females with a mean age 
of 20.5 years. The control group included 17 males and 12 females with a mean 
age of 21.1 years. Out of these, 55 subjects (27 in 3D group and 28 in 2D 
group) completed the questionnaires and were included in the HRQoL 
analysis.  
The drop-outs during analyze of cephalometric accuracy included five 




The analysis of cephalometric accuracy was performed in two sequences 
(Article I and II). Furthermore, it was based on measurements of cephalometric 
precision in both 2D and 3D cephalometry. 
 
4.3.1 Precision 
Precision measurement, of cephalometric landmark detection, resulted in a 
total placement of 460 markers, 1260 measurements and 680 intra-individual 
analyses. The mean difference for each cephalometric marker is shown in 
Table 6. The total tracing error for 2D markers was 0,53 mm along the x-axis 
and 0,59 mm along the y-axis. The total tracing error for 3D markers was 0,36 








Table 6. Double determination test for precision measurement. Tracing 
errors (Se) according to Dahlberg’s formula. Mean value for each 
cephalometric marker along x- and y-axis (and z-axis for 3d) in 10 
individuals and a total mean value for each dimension. 
 2D 3D 
Markers x-axis y-axis x-axis y-axis z-axis 
S 0,26 0,30 0,23 0,18 0,23 
N 0,33 0,91 0,67 0,34 0,24 
A 0,67 0,78 0,36 0,08 0,42 
B 0,26 0,71 0,37 0,04 0,28 
Pg 0,30 0,37 0,09 0,07 0,37 
Gn 0,59 0,32 0,15 0,37 0,13 
Go ant 1,82 0,83    
Go ant L   0,43 0,76 0,96 
Go ant R   0,21 0,87 1,13 
Is 0,23 0,26 0,29 0,22 0,17 
Ii 0,21 0,22 0,78 0,52 0,40 
Aps 0,72 0,88 0,43 0,77 0,67 
Api 0,53 1,00 0,25 0,91 0,92 
      




A prediction method always aims for as good accuracy as possible. The 
ultimate result is an outcome that exactly corresponds with the prediction. No 
prediction method is capable of that, meaning that there always is an expected 
discrepancy between prediction and outcome. A smaller discrepancy indicates 
a higher level of accuracy. Consequently, all cephalometric markers, in both 
planning techniques, showed statistically significant difference between 
planning and follow-up (p<0.001) (Table 8). 
Measurement of accuracy resulted in a total placement of 3120 cephalometric 
markers, 1200 measurements and 1200 preoperative/postoperative 
comparisons. 
In article I, a comparison of the accuracy between the two planning techniques 
within the group treated according to the 2D technique (control group) was 
made (Table 7). 





















Table 7.  (Opposite side). Difference between planning and outcome in 
the control group within each planning technique (n=30). Test between 
planning and outcome in the control group within each planning 
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In article II, which is a continuation of article I, the accuracy in both groups 
(test and control) was evaluated and subsequently compared (Table 8). The 
evaluation within each planning technique was performed in two different 
ways: 
• Absolute mean data, which is a comparison between 
planning and outcome by measuring differences between 
planned and obtained cephalometric positions (Table 8). 
• Non-absolute mean data, comparing planning and outcome 
according to the direction of the mismatch. This shows 
whether the planned amount of surgical movement was 
larger or smaller than the final outcome (i.e. if the planning 














Table 8.  (Opposite side). Absolute mean data of the difference between 
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Table 9. Non-absolute mean data of the difference between planning and 









































































































































































































































































































































































































































Comparing 2D planning with outcome within the control group resulted in a 
statistically significant difference for the following cephalometric markers; A-
point, B-point, Pogonion and Gnathion (p<0.001). The cephalometric 
measurements that showed statistically significant difference were SNB and 
31/ML (p<0.032) (Article I). 
Comparing 3D planning with outcome within the control group resulted in 
statistically significant difference for the following cephalometric markers: A-
point, B-point, Pogonion and Gnathion (p<0.001). The cephalometric 
measurements that showed statistically significant difference were; SNA, 
11/NSL and 31/ML (p<0.033). 
In article I, on comparison between the two techniques, the only cephalometric 
marker that showed statistically significant difference was the A-point 
(p=0.027). Subsequently, also SNA showed a statistically significant 
difference (p<0.001). Table 7 shows a statistically significant difference for 
ML/31. However, on comparison of absolute difference there are no 
statistically significant difference (Table 8). The reason for this is that the 
difference is because the groups deviate at different directions from equal.  
Comparing accuracy for test and control group (Article II) showed statistically 
significant difference for 11/NSL-112/NSL2 and for A-A2 (p<0.05) (Table 8). 
Compared to other studies on accuracy53,85,86, both groups showed an equally 
high level of accuracy for SNA and SNB. The test group also presented a 
relatively high level of accuracy for 11/NSL and for the A-point. 
 
4.4 Health Related Quality of Life 
An indication of difference between the studied groups at baseline, initiated a 
comparison with multivariable linear regression model when comparing 
groups with respect to changes between pre- and postoperative measurements 
(Table 10). This was performed in order to test if initial differences between 
the groups could affect the comparison between the methods. Then the change 
between pre- and postoperative measurement was the dependent variable and 
the treatment group and the variable with observed initial difference were 
independent variables.  
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Clarification of Table 10 and 11: For the variables presented a decreasing value 
in the OHIP, Gen Health 1, Gen Health 2 and JFLS questionnaires indicated 
increasing HRQoL, while a decreasing value in the OES and Gen App 
indicated decreasing HRQoL. Thus, on comparison of pre- and postoperative 

















Table 10. (Opposite side). Mean values and 95% CI of HRQoL 
measurements of the two treatment groups. Test of the initial differences 
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4.4.1 Measurement of HRQoL 
No statistically significant differences (p>0.21) were found between test and 
control group comparing variables in difference between preoperative and 
follow-up measurements univariate (Table 11).  
An observed initial difference between the groups gave rise to a comparison 
between test and control group when adjusting for differences in OHIP oro-
facial pain at baseline (Table 10). This comparison revealed a statistically 
significant difference in the change between preoperative and follow-up in 
OHIP oral function, 4.8 (95% CI: 0.5-9.1) (p=0.028) when adjusting for 
baseline OHIP oro-facial pain. On the same comparison, however, OHIP total 
still showed no statistically significant difference between the groups 
(p=0.079). 
Comparing HRQoL pre- and postoperative for both groups showed that the 
scores for OES and for the question on the patient’s general appearance (Gen 
App) increased, indicating an increased impression of the patient’s quality of 
life for both groups. Likewise, a decrease of the scores for OHIP-S, JFLS and 
the two questions of patient’s general health (Gen Health 1 and Gen Health 2) 
indicated an increased impression of the patient’s quality of life for both groups 
(Table 11). 
4.4.2 Comparisons of HRQoL with accuracy 
Accuracy and HRQoL were prior to comparison assessed separately. Both 
groups presented an overall high cephalometric accuracy. Out of 10 
cephalometric measurements, accuracy differed for 11/NSL-112/NSL2 and for 
A-A2 between the two groups. The test group showed a higher level of 
accuracy82.  
OHIP total (representing overall HRQoL measurement) showed no statistically 
significant difference between the groups (p=0.079). When adjusting for 
baseline OHIP oro-facial pain (Table 10), a statistically significant difference 
in the change between preoperative and follow-up in OHIP oral function, 4.8 
(95% CI: 0.5-9.1) (p=0.028) was shown.  
Together, the findings in HRQoL and cephalometric accuracy revealed 
consistent results showing similar changes between preoperatively and follow-
up in both groups. Considering analysis on cephalometry in the anterior 
maxilla and adjustment for initial differences in OHIP-oro-facial pain, changes 
were presented to a higher level in the test group.  
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Table 11. Change in HRQoL from pre- to postoperative within each 
group and test between treatment groups. For each patient and question 
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4.4.3 Test retest for HRQoL 
The reliability test showed a statistically significant difference between 
preoperative measurement and preoperative repeated measurement for one 
question; the patients rating of their general appearance in OES (Gen App) 
(p=0.025) (Table 12). 
 
Table 12. HRQoL preoperative reliability. Test minus retest. 
 
 
4.5 Cost Effectiveness Analyze 
4.5.1 Measurement of time consumption 
From the 57 subjects, 26 were subjected to time measurements on radiographic 
examination and 17 were subjected to time measurements on computerized 
planning. All subjects were, prior to randomization, examined and planned 
with both techniques, meaning measurement of time consumption was 





between test and 
retest (95% CI) 
ICC 
Gen App 21 1.00 0.20, 1.80 0.025 0.79 (0.54, 0.91) 0.73 
OES 21 2.00 -1.55, 5.55 0.26 0.85 (0.67, 0.94) 0.85 
JFLS 22 5.90 -2.03, 13.83 0.14 0.89 (0.75, 0.95) 0.88 
OHIP total 22 5.18 -1.26, 11.62 0.11 0.92 (0.82, 0.97) 0.91 
OHIP oro-facial 
pain 
23 0.33 -0.13, 0.79 0.68 0.77 (0.52, 0.90) 0.77 
OHIP oral function 21 2.94 -0.24, 6.12 0.066 0.85 (0.66, 0.94) 0.83 
OHIP psychosocial 
impact  
22 0.68 -1.76, 3.12 0.57 0.94 (0.87, 0.98) 0.94 
OHIP oro-facial 
appearance 
23 0.45 -0.71, 1.61 0.42 0.91 (0.79, 0.96) 0.91 
OHIP 14-S 22 1.60 -0.39, 3.59 0.055 0.93 (0.83, 0.97) 0.92 
OHIP 5-S 23 0.85 -0.27, 1.97 0.13 0.80 (0.57, 0.91) 0.78 
Gen Health 1 23 0.09 -0.23, 0.41 0.78 0.72 (0.43, 0.87) 0.72 
Gen Health 2 23 -0.13 -0.48, 0.22 0.63 0.68 (0.37, 0.85) 0.67 




performed on 26 subjects with both 2D and 3D examinations and 17 subjects 
with both 2D and 3D planning technique. 
Comparison of mean values of time consumption on radiographic examination 
showed a statistically significant lower time consumption for the 3D technique 
(Article IV, Table 1). 
Comparison of mean values of time consumption on setting of the planning 
software showed a statistically significant lower time consumption for the 2D 
technique (Article IV, Table 2). 
Total examination and planning consumption of time for both techniques are 
shown in Table 13. 
 
Table 13. Mean values and comparison of total time consumption for the 




Unit 2D (Rad + Plan) 3D (Rad + Plan) 2D vs 3D (Rad + Plan)1 
Mean SD Mean SD Two-sided p-value 
Time m 34.13 7.75 32.17 7.08 >0.30 
1 Fisher’s test for paired comparison 
 
4.5.2 Measurements of economic cost 
Economic costs for radiographic examination (Article IV, Table 5, Row 3) and 
calculated economic costs for surgical planning were added and compared 
between the two techniques. Mean salary for a consultant Swedish Oral- and 
Maxillofacial Surgeon 2014 was $7765/month. Overhead expenses and payroll 
taxes included results in total monthly cost of $13101. This resulted in a total 
cost of $1.324/minute. 
This economic cost per time unit was used for translation of the time recordings 
into an economic comparison. The results are shown as mean and SD in Table 
14. The mean difference between the two techniques was $55.76 per subject 
planned. 
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Unit 2D 3D 2D vs 3D1 
Mean SD Mean SD Two sided p-value 
Cost  $ 156.12 4.24 211.88 7.18 <0.001 
1 Fisher’s test for paired comparison 
 
4.5.3 Measurements of radiation dose  
Effective dose (mSv) from CT examination was calculated from DLP with a 
factor 0.0019 mSv/mGycm. A mean value of pre-surgical and 12 months 
follow up examination is presented in Table 15. For 2D radiographic 
techniques, data were fixed. An expected statistically significant difference 
was found between the radiographic techniques (p<0.001). 
 
Table 15. Effective dose in milliSievert (mSv). Mean, median, range and 
SD calculated for mean of pre-surgical and follow-up CT examinations. 
2D tot = Total effective dose for 2D examinations. 
1 Fisher’s test for paired comparison. Two-sided p-value. 
 
Mean effective dose for the 3D radiographic technique, that was specified for 
orthognathic surgery planning, and its relation to other comparable 
radiographic techniques of the facial skeleton is presented in Article IV, Table 
7. 
Variable 2D 3D (CT) 2D tot vs 
3D1 
(n=57) OPG Frontal Profile 2D tot Mean Median Range SD p-value 
Dose (mSv) 0.007 0.002 0.001 0.01 0.54 0.54 0.32–0.83 0.10 <0.001 
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4.5.4 Measurements of cost-effectiveness 
The time measurements were compared with the findings of HRQoL presented 
in 2D and 3D group (Chapter 4.4). The findings are shown in Table 16.  
Summarized, the comparison revealed, that based on differences in time 
consumption for the radiographic examination and the planning phase, 
planning time and examination time are decreased with 0.53 minutes for every 
OHIP point gained by using the 3D planning technique. 
 
Table 16. Comparison between-group comparisons of time-effectiveness. 
 
Total economic costs for radiographic examination and surgical planning 
(Table 14) were compared with the findings of HRQoL presented in 2D and 
3D group. The findings are shown in Table 17.  
Summarized, the comparison showed, that based on differences in 
radiographic costs and in time consumption, planning costs $15 for every 







Treatment Times (m)  OHIP-points Time/effectiveness  
ratio (m/OHIP)  Mean SD Between-treatment 
increment 
 Mean SD Between-treatment 
increment 
2D  34.13 7.75 -1.96  23.62 33.30 3.69 -0.53 
3D  32.17 7.08   27.31 24.59   
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Table 17. Comparison between-group comparisons of cost-effectiveness. 
$ = U.S. Dollar. 
 
 
Treatment Costs ($)  OHIP-points Cost/effectiveness 
ratio ($/OHIP)  Mean  SD Between-
treatment  
increment 
 Mean SD Between-
treatment  
increment 
2D  156 4.24 56  23.62 33.30 3.69 15 





5.1 Comments on study design 
All studies in this thesis were conducted as prospective, parallel group, 
randomized, two-arm parallel double-blinded, active-controlled clinical trials 
with a 1:1 allocation ratio. As being randomized controlled trials, the design 
and the order of randomization (enrollment, planning and allocation) 
minimizes the risk of confounding or bias of the results. The order of treatment 
planning and randomization, that the planning with both methods was 
performed prior to randomization, also reduced the risk of having the 
knowledge of patient group affecting treatment planning and thereby adding 
favour to the technique used for surgery. 
When treating severe malocclusions, a highly predictable long-term result is of 
utmost importance for the patients. Based on this, measurement of the final 
treatment outcome is the most important measurement for assessment of 
accuracy of preoperative planning and HRQoL measurements. This is why the 
design of the studies was based on follow-up at 12 months after surgery instead 
of an immediate postoperative control. Hence, the follow-up of cephalometric 
outcome, HRQoL outcome and CEA were performed simultaneously and the 
comparison of these measurements became more reliable.  
The risk of having relapse as a confounding factor increase when the follow-
up is delayed. However, when the distribution of treatment methods is 
randomized within a controlled, normally distributed cohort, the risk of having 
relapse, associated with different methods or levels of movements, is equally 
distributed between the two groups. 
Several studies on accuracy of planning techniques have been conducted on 
selected surgical movements41,53,54,87. Hence, the decision of which surgical 
treatment that should be used is not based on the planning technique studied. 
One advantage of using a planning technique is the prediction aiding in the 
decision of which specific surgical treatment that should be used. To allow 
participation of the planning technique in the process of choosing a specific 
surgical treatment, it is important that the study of treatment planning should 
be based on inclusion of subjects before decision of the surgical treatment.  
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5.2 Comments on material 
The subjects chosen for these studies were aged between 18 and 30. This 
limitation was set to make the studied subjects representable for the majority 
of the patients with a treatment need for orthognathic corrections. By limit the 
range of age also reduced the risk of having age as a confounding factor, which 
was favorable from all studied aspects (e.g. relapse, PROMS). 
The computerized prediction technique is of great value for planning surgical 
and orthodontic corrections of malocclusion. Still, because of the limitations 
in accuracy of digital soft tissue prediction techniques, the patient’s own 
physical simulations (when possible to perform) could be superior to the 
computerized technique. For example, this is often easily done predicting 
mandibular advancement in a single jaw correction, asking the patient to 
protrude the mandible. For this reason, only class III malocclusions, with or 
without a presence of asymmetry or vertical discrepancy, were included in the 
present study. 
The distribution of gender showed a slight majority of males in the control 
group and a slight majority of females in the test group. Michel et al88 suggests 
there are differences in HRQoL related to gender among adolescents in 
Europe, where females showed a greater declination of HRQoL with age than 
the males did. This could mean that there is a risk having gender as a 
confounding factor, if the sexes are not equally distributed in the test and 
control group. In the present project, this could result in a lower HRQoL in the 
test group compared with the control group. However, considering small 
differences in gender distribution and that the results did not tend be consistent 
with the gender-confounding risk, the results in the present cohort could not be 
explained by a difference in gender distribution. 
The number of subjects included was not based on a sample size calculation 
(power analysis). The reason was that such calculation must be based on an 
estimate of difference, which we did not have at the time of data collection. 
This was true for both analysis of cephalometric accuracy, HRQoL and cost-
effectiveness. The number of subjects was based on previous studies 
instead38,41,49,53,54,68,69,71,74,80,81. 
In the study on cephalometric accuracy (Article I and II), the small size of the 
drop-out cohort and its equal distribution in the groups, led us to assume that 
they had no impact on the outcome. 
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In the study on HRQoL, the drop-out, due to incomplete answers, comprised 
of 2 out of 57 subjects and was equally distributed between the groups. This 
did not affect the statistical analysis and a drop-out analysis of these two 
subjects was not made. Further, as being a one-year follow-up study on young 
adults, the number of the drop-outs is interpreted as low. 
The number of subjects measured for radiation dose (n=57) differ from those 
measured for radiographic time consumption (n=26) and planning time 
consumption (n=17). The reason for this is because the first 30 subjects were 
not measured for time consumption due to an expected longer learning curve 
on the 3D technique compared with the 2D technique. The 2D technique has 
been used since more than 20 years in the present clinical setting. 
5.3 Comments on methods 
The validity, that the test measure what we want to enlighten, and the 
reliability, that the measurement represents the variable of interest only, of a 
method is important. In the present project the focus on validity is represented 
by chosen cephalometric markers and measurements in an area of high 
esthetical impact, the anterior part of the face, previous validated HRQoL 
measurements67-71,74 in the anatomical area of interest and a broad concept of 
CEA, for example time measurements, financial costs and radiation dose. The 
reliability is represented by a test-retest protocol, performed in both the 
cephalometric and in the HRQoL measurements. 
Comparing a 2D image with a 3D image of the same anatomical region is 
demanding and not free from challenges4. In addition, previous studies showed 
that the cephalometric measurements in 3D are still evolving and not until now 
sufficiently evaluated or consistently used51,89. In the present project, on 
comparison of accuracy between 2D and 3D, cephalometry solely of distances 
between markers were used. Additionally, cephalometric analyses of accuracy 
were only performed separately within the test and control group prior to 
comparison between the groups82,83. Hence, it was avoided to directly compare 
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The accuracy of surgical treatment of severe malocclusions is dependent on 
three main sequences:  
1. preoperative planning 
2. transfer of planning to surgery (surgical template) 
3. surgical precision/relapse 
Previous studies on 3D planning have focused on more than one of these 
sequences38,41,53,54,80,81. The present project was designed to measure the 
planning sequence alone. Accordingly, it describes the importance of 
preoperative planning phase with a higher precision. The outcome of this 
project is therefore important. 
Despite this, one could criticise the project for not taking all preoperative 
sequences into account when comparing two methods. One sequence that often 
differs between 2D and 3D is the transfer of the planning to surgery. Using 
service centres, when 3D planning a case, often comes with an additional 
service of digital template fabrication90, but also with an additional economic 
cost. However, a 2D planning method always requires a dental technician 
fabricated template on dental casts.  
There are examples of previous studies on CEA comparing 2D and 3D 
planning techniques in orthognathic treatment91,92. However, these studies lack 
a fair comparison. Because professional support was used in the 3D setting, 
meaning it became the more time-effective planning method, the results from 
these trials probably have been the opposite if a service centre has done the 2D 
set-up instead and an OMFS has done the 3D set-up.  
When evaluating orthognathic treatment, it is interesting to compare costs with 
outcome. In this thesis, when comparing two different planning techniques, a 
CEA was used and the differences in cost were weighted against the 
differences in cephalometric accuracy and HRQoL. Measurements of time 
consumption, financial costs and radiation dose were done in a similar manner 
for both studied techniques. 
Similar to other studies on radiation dose in radiographic examination of the 
facial skeleton, the comparison was made upon data of effective dose76. 
A common measurement used in CEA is quality adjusted life years (QALY). 
To enable a comparison on QALY there has to be a validated instrument to 
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translate the measurements from. This is for example present for a generic 
health state measure, EuroQol (EQ-5D) 29. However, when decided to use a 
measure that, better than EQ-5D, represent the local facial/oral status, OHIP, 
this opportunity up to now disappears. Upon designing the present project, one 
article with CUA on QALY in orthognathic treatment has been found93. 
However, analyses used in this article was not thoroughly described and could 
therefore not be used as a guide. The lack of a validated material to transform 
into QALY in the present study, is why it is instead conducted as an CEA, 
comparing economical costs with outcome measures on HRQoL between the 
two tested planning techniques. 
A recently published article on CEA of the oral region have used analysis with 
both EQ-5D and OHIP73. The reason for this is similar as for the present study. 
I.E. OHIP was included due to concerns that the EQ-5D may not be sensitive 
enough to detect changes in the studied oral region. 
5.4 Comments on results 
The overall findings from the present project on comparison between 2D and 
3D prediction in orthognathic treatment are presented in Conclusion (Chapter 
6). The implications of the outcome from this thesis are presented in Clinical 
implications and future perspectives (Chapter 6.1 and 7). 
The comparison of cephalometric accuracy showed a higher accuracy in the 
anterior maxilla for the 3D technique, but for both techniques the level of 
accuracy was high and comparable to other studies85,86. Mandibular markers 
showed the lowest level of accuracy which was in accordance with Olszewski 
et al., claiming their weak intra-individual reproducibility86. Olszewski et al. 
also draw the same conclusion as the present study, that these measurements 
should not be used for diagnostic or treatment guidance without other clinical 
recordings.  
The level of precision in the test-retest methodology is similar to other studies 
on intra-individual reproducibility of placement of cephalometric markers94-97. 
Extrapolating these findings into precision of cephalometric analysis, results 
in increased error of precision. This could be the result of adding two or more 
markers into the same measurement and thereby adding their errors of 
precision to each other. This becomes more obvious when adding markers with 
a larger error of precision to each other, i.e. 31/ML. The error of precision 
increases further when a third dimension, z-axis in 3D, is added83. Thus, the 
largest error of precision was observed in analyze of a combination of markers 
with high error of precision in three dimensions, i.e. 31/ML. 
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The measurements of differences between planned and obtained positions were 
obtained primarily without recording of direction (absolute findings). 
However, the registration also recorded in what direction the difference was 
present, based on non-absolute mean values. Thereby the result showed if the 
planned amount of surgical movement was larger or smaller than the final 
outcome. This was described as under- and overestimation. 
The 3D technique showed a tendency to overestimate, meaning that a larger 
anterior movement was planned than the final outcome showed. Statistically 
significant differences were found for all measurements except for SNB. This 
was not found for 2D and could indicate a stronger tendency for overestimation 
with 3D than with 2D. 
The risk of having relapse as a confounding factor when the follow-up is 
delayed is discussed above. In the present project, the A-point showed the 
highest accuracy. Even if no statistically significant difference was found 
between 2D and 3D, the 3D technique showed high accuracy for other 
maxillary measurements as well, such as 11/NSL and SNA. Early relapse is 
thought to be a cofactor for weaker accuracy. Some studies found a low degree 
of early relapse in the anterior maxilla35,98. Thus, according to the findings in 
the present project, the impact of early relapse on accuracy in this region could 
be estimated as low.  
As stated above, despite a statistically significant higher accuracy for the 3D 
technique in the anterior maxilla, both techniques presented accuracies 
comparable to findings in other studies. Based on this and on the natural 
advantage of the 3D technique in patients with asymmetry99, it would be the 
technique recommended for any case in the clinical setting. 
The results from HRQoL measurements indicated an increased quality of life 
in both 2D and 3D groups. By means of a reliability test, the improvements at 
12-month follow-up was shown regardless of initial differences between the 
groups. Posnick et al presented only postoperative data, without comparison to 
preoperative measurement 100. This indicated a high level of postoperative 
satisfaction but did not show improvement of HRQoL.  
All HRQoL variables except Gen Health 1 (both groups), OHIP orofacial pain 
(test group) and OHIP psychosocial impact (control group) showed statistically 
significant difference (p<0.01) between measurements prior to treatment and 
at 12-months follow-up. However, considering the statistically significant 
difference between preoperative measurement and repeated preoperative 
measurement for the patients rating of their general appearance (Gen App), the 
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improvement of this single variable is doubtful. The results are in accordance 
with other studies on HRQoL in orthognathic surgery60,101. 
The difference in increase of OHIP - oral function, after adjusting for baseline 
discrepancies for OHIP oro-facial pain, between the groups was statistically 
significant (p=0.028). It is doubtful that this finding, within a fraction of the 
HRQoL measurement, based on a study with a limited number of participants, 
could support evidence of a difference between the studied planning 
techniques. Consequently, this detection in the present HRQoL analysis need 
to be verified in a larger cohort. If a difference exists, it might be linked to the 
difference in accuracy in the anterior maxilla, which might also affect the 
function. Thus, this higher level of accuracy might explain the detected higher 
level of oral function. 
Generally, despite the difference in accuracy for the A point and for 11/NSL, 
the findings showed an improvement of HRQoL for both groups. Notable is 
also an improvement of HRQoL even if a weaker mandibular accuracy 
generally was shown. These findings indicate that, independent of planning 
technique, treatment of dentofacial deformities and severe malocclusions with 
orthognathic surgery provide the patients with a clear improvement of their 
self-perceived HRQoL. This is in accordance with findings from other 
studies60-63. 
The improvement shown in HRQoL for both groups indicates that treatment 
of dentofacial deformities and malocclusions with orthognathic surgery could 
be recommended independent of planning technique. Comparison reveals 
minor differences and it is unclear if these findings have any clinical relevance. 
Article IV clearly shows a statistically significant difference in consumption 
of time between the two methods. It is not surprising that the planning set-up 
takes longer time for a 3D technique compared with a 2D technique. Examples 
of steps that add to the consumption of time is a more advanced system of 
cephalometry, heavier data files and a segmentation processes with an additive 
dimension for the 3D technique.  
Perhaps more surprising is the finding of time consumption in the phase of 
radiographic examination. Even if a radiographic 2D technique is less complex 
than a 3D, it was more time-consuming to perform. An explanation to this, is 
that the 2D radiographic set-up in the present trial consisted of three separate 
examinations, i.e. panoramic, profile and anterior-posterior view. The 
performance of examination, thus meant logistic moments between the 
radiographic machines in 2D technique, while the 3D examination was 
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performed in one machine alone. However, this is how the examinations 
usually are performed and the trial thereby well represents the settings in most 
centers for orthognathic surgery. 
Interestingly, the outcome of measurements of time consumption in the two 
chosen phases showed advantage in time consumption for one technique at a 
time. Above, the reason for this is discussed. Combining the two measured 
phases into a total comparison erases these separate differences. If a service 
centre had been used, the difference in planning time measurement would 
probably be erased, thus resulting in an advantage in total time consumption 
for the 3D technique. This is also showed in previous studies91,92. 
This actualizes a discussion however a time consuming radiographic 
examination (three different 2D examinations), even though with a lower 
radiation dose, could be advocated. Decreasing the number of radiographic 
examinations, also decreases the time consumption and thus the cost. This 
suggests that a modern radiographic technique should perform with high 
quality, low radiation dose and a minimal amount of examination procedures. 
Or as Xia et al stated it to be “faster, cheaper and better outcome”90. Perhaps, 
this could be delivered after further development of the CBCT technique into 
an improved imaging of the soft tissues and a decreased radiation dose.  
Today, there are already possibilities to combine different recording 
techniques to fulfil these wishes. An example is combining CBCT with 3D 
photography2. This results in high quality imaging of the hard tissues from 
CBCT and of the facial surface of the soft tissues from the 3D photograph. 
However, converting one registration into two certainly increases the time 
consumption, thus the cost. Machines performing these two registrations in 
only one setting are, due to facial support bars, up to now inadequate in soft 
tissue surface registration. 
The results from comparison of economical cost showed a statistically 
significant difference where the 3D technique was more expensive. This 
finding could seem to be in contradiction to the findings in total time 
measurements, where the studied techniques showed equality. However, these 
results were based on time measurements on both radiographic examination 
and on planning, whereas the examination time was not used in the economic 
comparison due to fixed examination costs. Consequently, the difference in 
planning time affects the outcome of the economical comparison.  
Comparison of effective radiation dose in the radiographic examinations were 
presented in mean values and ranges for the present cohort. The measured 
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radiation doses for the head examinations were in accordance with other 
studies77. 
The use of a multi-slice CT scan in treatment planning, leading to a large 
increase of radiation dose when comparing with 2D radiographs, is debated. 
However, modern computerized planning techniques for orthognathic surgery 
treatment gives an acceptable accuracy based on specified settings for CT 
examination. These settings give a decreased radiation dose compared to a full 
dose multi-slice CT scan as shown in Article IV. This actualizes the question 
if a milder increase of the radiation dose advocates the use of a 3D planning 
technique. As already discussed above, a combination of a 3D photographic 
registration and a CBCT acquisition would give acceptable hard and soft tissue 
imaging quality. However, adding registrations might lead to discrepancies 
upon calibration in the interface between them and increase time consumption. 
Comparing cost-effectiveness between the two techniques in the present 
project showed no statistically significant difference in total time consumption, 
but accounting for the difference measured, it affects the CEA, where every 
gained OHIP point also gains 0.53 minutes in time consumption.  
A lower total economic cost was shown for the 2D technique upon adding fixed 
radiographic examination costs to calculated planning time costs. The main 
reason for this discrepancy is a higher fixed radiographic cost for the 3D 
technique. Subsequently this discrepancy also affects the CEA, where every 
gained OHIP point showed an increased cost of $15 when using 3D instead of 
2D.  
An even larger difference is evident if fixed economic cost for the software 
programs are added. Adding these costs to the present cohort, by dividing the 
fixed economic costs (Article IV, Table 5) with the number of subjects, results 
in increased cost of $272 per gained OHIP-point when using 3D, a huge 
difference between the techniques. However, an investment in a modern 
technique is often based on a forecast analysis, meaning that there might be a 
limit in number of patients treated annually advocating the purchase. 
Recently, free open-source software for 3D treatment planning in orthognathic 
treatment have been made available102. The implementation of such programs 
fundamentally changes the perspective upon investment. However, it is up to 
now unclear how the prediction quality of free open-source software is, when 
compared to present planning techniques. 
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6 CONCLUSION 
• Both 2D and 3D techniques showed high cephalometric 
accuracy in predicting facial outcome. However, in patients 
with asymmetric malocclusion and/or facial appearance the 
3D technique has an obvious advantage.  
 
• In the anterior maxilla, cephalometric accuracy showed a 
statistically significant difference between 2D and 3D, with 
an advantage for 3D. Both techniques indicated a high 
accuracy in predicting facial outcome except for mandible 
markers. 
 
• Independently of planning technique used, 2D or 3D, HRQoL 
demonstrated an equal improvement after treatment of 
dentofacial deformities and malocclusions with orthognathic 
surgery.  
 
• Despite a difference in cephalometric accuracy, both 2D and 
3D planning techniques showed equally high improvement of 
HRQoL. 
 
• The cost-effectiveness for the two planning techniques are 
equal in terms of total time consumption. The 2D technique 
showed an overall lower economic cost and a lower effective 










6.1 Clinical implications 
The present comparison between two planning techniques in orthognathic 
treatment of severe malocclusions indicated that there is a significant 
difference in cephalometric accuracy between the two methods with a higher 
accuracy for 3D in the anterior maxilla. Despite this, both techniques presented 
a level of accuracy comparable to other studies and indicates that there is only 
a minor difference between the techniques. Because the 3D technique has an 
advantage for the group of patients with asymmetry, it would be the technique 
recommended for any case in the clinical setting. However, due to a higher 
radiation dose and a higher economic cost, it should be restricted to selected 
cases. 
The variance in precision of mandible markers indicated that these 
measurements should not be used as diagnostic or treatment guidance without 
other clinical recordings.  
Based on the small advantage in time consumption for the 3D technique in the 
planning phase, and the advantage for the 2D technique in economic costs, 
recommendations tend to deviate. This could imply that environmental factors, 
such as a budget of an Oral- and Maxillofacial department, or the level of 
workload, would lead to different results when choosing a system. Taking the 
initial investment cost into the comparison leads to even greater differences in 
economic costs, but that difference is decreasing as a result of increased 
number of treated patients.  
The improvement shown in HRQoL for both groups indicates that treatment 
of severe dentofacial deformities and malocclusions with orthognathic 
treatment could be recommended independent of which planning technique 
used.  
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7 FUTURE PERSPECTIVES 
Systematic evaluation of new techniques within health care tend to evolve 
slower compared to the invention and commercialization of them. To keep a 
high-quality level of evaluated modern health care methods in our service 
towards the patients, it must be an effort to scientifically evaluate all new 
techniques that creates an interest on the health care facility market. This must 
be the bottom line of efforts. However, the optimal goal would be a research 
level in health care professionals that are leading the inventions, thus providing 
the manufactures with the ideas. Through this collaboration the development 
of new techniques would be fruitful, where health care professionals provide 
the need and manufactures give the solutions. 
From the present thesis, potential offspring could be foreseen in several future 
research projects: 
• Further comparison between different planning techniques in 
orthognathic surgery treatment. Objective evaluation of the 
dento-facial aesthetic outcome by noninvolved persons from 
different backgrounds. Standardized judgment of differences 
in facial esthetics between photographs taken preoperatively 
and at 12-month follow-up. 
• The accuracy of outcome compared to planning of direct 
transport of predicted movements in a 3D technique into 
navigation surgical technique. This evaluates the role of 
navigation technique in orthognathic surgery. 
• Evaluation of the navigation technique in orthognathic 
surgery on its role of achieving correct position of the 
condylar head. 
• Evaluation of the navigation technique in orthognathic 
surgery on its role of replacing the use of surgical templates. 
• Evaluation of surgical precision by comparison of planning 
and outcome at one-week follow-up. 
• Evaluation of printed surgical templates. New series of 
orthognathic surgery with the test group treated with printed 
templates and the control group with traditional dental-
technician fabrication. 
• Evaluation of the use of 3D photographs in combination with 
CBCT in prediction of orthognathic surgery. Comparison 
with the present material. 
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• Evaluation of the use of 3D photography in monitoring 
postoperative swelling after orthognathic surgical treatment. 
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  Frågeformulär till dig som deltar i studie i samband med käkoperation  
  
  
Hur ofta under det senaste året har Du upplevt följande situationer, p g a problem med 
Dina tänder, mun, proteser eller käkar? 
Markera med ett kryss i den kolumn som bäst motsvarar Ditt svar. Markera med kryss i 
"E/T"-rutan om Du anser att frågan ej är tillämpbar för Dig. 
 
    






Hur bedömer Du att Ditt allmänna 
hälsotillstånd är?       
2 Hur bedömer Du att Din munhälsa är?       
        










Svårigheter med att tugga någon form 
av mat             
4
 Svårigheter med att uttala ord              
5
 
Lagt märke till en tand som inte ser ut 
som den ska             
6
 Känt att Ditt utseende har påverkats              
7
 Känt att Du haft dålig andedräkt              
8
 Känt att smakförmågan har försämrats              
9
 
Har haft mat som fastnat i tänderna eller 
proteserna             
10
 
Känt att Din matsmältning har 
försämrats             
11
 
Känt att Dina proteser inte har passat 
ordentligt             
12
 Har haft smärta i Din mun              
13
 Varit öm i käken             
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 Har haft huvudvärk             
15
 
Har haft känsliga tänder vid intag av 
varm eller kall mat eller dryck             
16
 Har haft tandvärk             
17
 Har haft smärtor i tandköttet              
18
 Har haft obehag med att äta mat              
19
 Har haft ömma ställen i munnen             
20
 Har haft obekväma proteser             
21
 Har varit oroad p g a tandproblem             
22
 Känt Dig osäker             
23
 Känt Dig eländig             
24
 Känt Dig besvärad med Ditt utseende             
25
 Känt Dig spänd              
26
 Funnit att Ditt tal varit otydligt             
27
 
Personer har missuppfattat en del av de 
ord Du har sagt              
28
 
Känt att det har varit mindre smak i 
maten             
29
 Inte kunnat borsta tänderna ordentligt             
30
 
Har varit tvungen att undvika äta viss 
mat              
31
 Har haft en otillfredsställande kost             
32
 Har inte kunnat äta med Dina proteser             
33
 Undvikit att le             
34
 Har varit tvungen att avbryta måltider             
35
 Din sömn har blivit störd             
36
 Varit upprörd              
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 Haft svårt att koppla av             
38
 Känt Dig deprimerad             
39
 Din koncentration har påverkats             
40
 Blivit generad             
41
 Undvikit att gå ut             
42
 
Varit mindre tolerant mot Din 
make/maka eller familj             
43
 
Haft besvär med att komma överens 
med andra människor             
44
 Varit något irriterad på andra människor             
45
 
Haft svårighet med att utföra de 
vardagliga sysslorna             
46
 Känt att Din allmänhälsa har försämrats             
47
 Lidit någon ekonomisk förlust             
48
 
Har varit oförmögen med att uppskatta 
andra människors sällskap              
49
 
Känt att livet i allmänhet har varit mindre 
tillfredsställande             
50
 Varit totalt oförmögen att fungera             
51





______________________________  _______________________________________ 




       _______________________________________ 
       Namnförtydligande 
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Frågeformulär till dig som deltar i studie i samband med käkoperation  
 
För varje nedanstående fråga, ange graden av begränsning i käkarna under den senaste 
månaden. Om det har varit omöjligt att utföra aktiviteten, ringa in ”10”. 
 





1 Tugga seg mat 0 1 2 3 4 5 6 7 8 9 10 
2 Tugga bröd (tex hårt bröd) 0 1 2 3 4 5 6 7 8 9 10 
3
 Tugga kyckling (tex tillagad i ugnen) 0 1 2 3 4 5 6 7 8 9 10 
4
 Tugga kex  0 1 2 3 4 5 6 7 8 9 10 
5
 
Tugga mjuk mat (tex makaroner, 
kokta grönsaker, fisk) 
0 1 2 3 4 5 6 7 8 9 10 
6
 
Äta mjuk mat som inte behöver 
tuggas (tex potatismos, äpplekräm, 
pudding, puréer) 
0 1 2 3 4 5 6 7 8 9 10 
7
 
Gapa tillräckligt stort för att ta en 
tugga av ett äpple 
0 1 2 3 4 5 6 7 8 9 10 
8
 
Gapa tillräckligt stort för att ta en 
tugga av en smörgås 
0 1 2 3 4 5 6 7 8 9 10 
9
 Gapa tillräckligt stort för att tala 
0 1 2 3 4 5 6 7 8 9 10 
10
 
Gapa tillräckligt stort för att dricka ur 
en mugg 
0 1 2 3 4 5 6 7 8 9 10 
11
 Svälja 
0 1 2 3 4 5 6 7 8 9 10 
12
 Gäspa  0 1 2 3 4 5 6 7 8 9 10 
13
 Tala 0 1 2 3 4 5 6 7 8 9 10 
14
 Sjunga 0 1 2 3 4 5 6 7 8 9 10 
15
 Se glad ut 
0 1 2 3 4 5 6 7 8 9 10 
16
 Se arg ut 0 1 2 3 4 5 6 7 8 9 10 
17
 Frysa  0 1 2 3 4 5 6 7 8 9 10 
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 Kyssas 0 1 2 3 4 5 6 7 8 9 10 
19
 Le 0 1 2 3 4 5 6 7 8 9 10 
20





______________________________  _______________________________________ 




       _______________________________________ 
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Frågeformulär till dig som deltar i studie i samband med käkoperation  
 
Hur upplever Du idag utseendet av Ditt ansikte, Din mun, Dina tänder och tandersättningar 
(proteser, kronor, broar och implantat)? Markera för varje påstående det som bäst 
motsvarar Din upplevelse. Använd ”Gäller ej mig” om du anser att påståendet inte passar 
för Dig. 
 




Mycket             
nöjd 
1 Ditt ansiktes utseende  0 1 2 3 4 5 6 7 8 9 10 
2 Utseendet på Ditt ansiktes profil  0 1 2 3 4 5 6 7 8 9 10 
3
 
Din muns utseende (leende, läppar 
och synliga tänder) 
 0 1 2 3 4 5 6 7 8 9 10 
4
 Din tandrads utseende   0 1 2 3 4 5 6 7 8 9 10 
5
 Formen på Dina tänder 
 0 1 2 3 4 5 6 7 8 9 10 
6
 Färgen på Dina tänder  0 1 2 3 4 5 6 7 8 9 10 
7
 Tandköttets utseende  0 1 2 3 4 5 6 7 8 9 10 
8
 
Hur upplever Du helheten av 
utseendet på Ditt ansikte, Din mun 
och Dina tänder 







______________________________  _______________________________________ 




       _______________________________________ 
       Namnförtydligande 
 

